SUMMARY Fourteen consecutive patients undergoing left ventricular aneurysmectomy and coronary artery bypass grafting were studied by multiple gated ventricular scintigraphy at rest and during exercise before and at six weeks and six months after surgery. All had congestive heart failure and 12 angina pectoris. Before operation left ventricular ejection fraction fell significantly with exercise, as did the regional wall motion score. Six weeks after surgery all surviving patients were free of angina, with an improvement in functional class; the total exercise workload improved significantly, but resting left ventricular ejection fraction was unchanged; the regional wall motion score improved in both the anterior and left anterior oblique projections, although extensive areas of abnormal contraction persisted. Exercise left ventricular ejection fraction improved significantly after operation at six weeks, and previous exercise induced abnormalities of regional contraction were abolished. Six months after operation angina pectoris had recurred in one patient, but there was no further change in ventricular function in the remainder.
Does left ventricular aneurysmectomy improve ventricular function in patients undergoing coronary bypass surgery? N C TAYLOR,* R BARBER,t P CROSSLAND,t E P WRAIGHT,t T A H ENGLISH,* M C PETCH* From the Depaments of *Cardiology and tNuclear Mediine, Papworth and Addenbrooke's Hospitals, Cambidge SUMMARY Fourteen consecutive patients undergoing left ventricular aneurysmectomy and coronary artery bypass grafting were studied by multiple gated ventricular scintigraphy at rest and during exercise before and at six weeks and six months after surgery. All had congestive heart failure and 12 angina pectoris. Before operation left ventricular ejection fraction fell significantly with exercise, as did the regional wall motion score. Six weeks after surgery all surviving patients were free of angina, with an improvement in functional class; the total exercise workload improved significantly, but resting left ventricular ejection fraction was unchanged; the regional wall motion score improved in both the anterior and left anterior oblique projections, although extensive areas of abnormal contraction persisted. Exercise left ventricular ejection fraction improved significantly after operation at six weeks, and previous exercise induced abnormalities of regional contraction were abolished. Six months after operation angina pectoris had recurred in one patient, but there was no further change in ventricular function in the remainder.
Although resting ejection fraction is not improved, symptoms, exercise workload, and exercise ventricular function can be improved by aneurysmectomy and coronary artery bypass grafting, but the respective contribution of these two procedures remains uncertain.
Left ventricular aneurysm is a well recognised and important complication of myocardial infarction. The incidence after infarction varies widely, owing to differing diagnostic criteria but is between 2% and 15%. [1] [2] [3] [4] 18 Left ventricular wall motion was assessed in both anterior and left anterior oblique projections by reviewing the scintigraphic data in a closed loop cine format. Semiquantitative assessment was performed by dividing the left ventricle into five segments. In the anterior projection the ventricle was divided into anterobasal, anterolateral, apical, diaphragmatic, and posterobasal segments. In the oblique projection division was into proximal and distal Resting studies were performed in all 14 patients and exercise studies in 12. Two patients felt unable to perform the exercise study. The mean functional class (New York Heart Association criteria)'9 was 3 1. Resting ejection fraction was 0.29(0.04). The exercise workload achieved was 1413(100) kpm (230.8(16-3) W). Seven patients were taking beta blocking drugs; their heart rate and systolic blood pressure rose from 61 beats/min and 117 mm Hg to 66 beats/min and 118 mm Hg respectively. Five patients were not taking beta blockers; their heart rate and systolic blood pressure rose from 87 beats/min and 112 mm Hg to 104 beats/min and 125 mm Hg respectively. The response to exercise in the patients before operation was abnormal, exercise ejection fraction falling to 024 (0.04) (p<0.006) ( 148 wall. Two patients showed no deterioration in regional contraction during exercise but both had a fall in global ejection fraction. No serious arrhythmias were encountered during exercise.
POSTOPERATIVE INVESTIGATIONS AT SIX WEEKS
One patient died three days postoperatively of a myocardial infarction sustained during the perioperative period, giving a hospital mortality of 7a 1%. All 13 survivors were available for follow up.
The mean functional class improved to 2-1 (p <0.004) (Fig. 2) . All patients underwent an exercise study. None experienced angina but all were limited by dyspnoea and fatigue. The exercise workload improved to 2825(256) kpm (461.6(41.8) W) (p<0-001) (Fig. 3a) . One patient was taking beta blockers; his heart rate and systolic blood pressure rose from 76 beats/min and 115 mm Hg to 96 beats/min and 134 mm Hg respectively. Twelve patients were not taking beta blockers; their heart rate (Fig. 4(a) and (b) ). As a group, however, resting ejection fraction was unchanged at 0*32(0*03) (NS). During exercise, ejection fraction increased to 0.34(0-04) (p<0-04) (Fig.  4(c) and (d) ), representing a relative increase of 14 1 (3-2)% compared with a preoperative fall of 18-9 (5.4)% in this group of patients (p<0-002).
Resting regional wall motion score in the anterior projection improved after operation from 3*1(0.4) to 6-0(0-6) (p<0O001), and in the oblique projection from 2.7(0-5) to 4.2(0.6) (p<0.001). Despite the apparent improvement in regional contractility extensive regional wall motion abnormalities remained after operation and were evident in both projections (Table 3) . During exercise the previously induced abnormalities In the group of 10 patients free of angina, although the exercise workload of 3060(343) kpm (500(56) W) showed only a small insignificant increase over the six weeks value, it remained a significant increase over that achieved before operation (p<0.001) in the same group of patients (Fig. 3) . One patient was taking beta blockers; his heart rate and systolic blood pressure rose from 78 beats/min and 110 mm Hg to 100 beats/min and 140 mm Hg respectively. Ten patients were not taking beta blockers; their heart rate and systolic blood pressure rose from 75 beats/min and 119 mm Hg to 100 beats/min and 146 mm Hg respectively.
The response of the resting ejection fraction was again variable (Fig. 4) showing an increase in six patients and a fall in five compared with the preoperative values. As a group, however, it remained unchanged at 0.34(0-04) (NS).
The resting regional wall motion score in the anterior projection was 6.4(0-8) and in the oblique projection 4-1(0-6). This represented an improvement over the preoperative values (p<0001) but no significant change from the values obtained six weeks after operation. Extensive areas of regional dysfunction still remained (Table 3) .
In patients free of angina, ejection fraction during exercise increased to 0-40(0.05) (p<0.006) (Fig. 4) , representing an 11-5(4-6)% increase in relative ejection fraction compared with a 20.9(6.9)% fall in the same group of patients preoperatively (p<0.002). The regional wall motion score remained unchanged during exercise, the preoperative exercise induced abnormalities having been reversed. No serious arrhythmias were encountered.
One patient experienced recurrence of angina, although clinically less severe than before operation. He maintained his improved functional class and achieved a greater exercise workload than before operation. His global left ventricular response to exercise workload was again abnormal, the ejection fraction falling from 0*31 to 0-24 during exercise, with hypokinesia developing in the posterolateral wall and Taylor, Barber, Crossland, Wraight, English, Petch a fall in the regional wall motion score. The resting ejection fraction was unchanged from the six weeks value.
Discussion
Resection of a left ventricular aneurysm has become an important form of treatment for those patients whose symptoms are not adequately controlled by medication. Many studies have reported the relief of symptoms after operation in selected cases,'6 14 but few have examined serial left ventricular function and most are retrospective; for accurate evaluation of a procedure all patients undergoing surgery should be assessed prospectively. Several studies have included data at varying intervals after operation with some in the early postoperative period when adrenergic overactivity is known to influence ventricular function.20
This makes the results difficult to interpret. The results of those studies assessing left ventricular function at rest have been conflicting; some show improvement after operation'02' 22 while others do not." 1 23 24 Fewer studies have examined the effect of aneurysmectomy on exercise left ventricular function as judged by conventional angiography although two have shown no improvement in exercise function after operation.2224 In our study a prospective consecutive series of patients was evaluated at rest and during exercise by a non-invasive technique at standard time intervals after operation, the earliest being six weeks when most of the effects of surgery have worn off.
In keeping with previous studies6 1012 all our patients surviving six weeks showed symptomatic improvement and a pronounced increase in exercise tolerance, which was maintained at six months after operation. During the preoperative investigation beta blocking drugs were not withdrawn because of the risk of exacerbating angina. [15] [16] [17] Resting ejection fraction remained abnormal after operation and was unchanged from the preoperative value both at six weeks and six months. Nevertheless, the individual results varied, some showing improvement and others none. This is in contrast to the study of Dymond et al, which showed an overall improvement in resting left ventricular ejection fraction after aneurysmectomy.22 Direct comparison with our study Left ventricular function after aneurysmectomy is difficult since Dymond's series of 12 patients included eight with single vessel disease; only two underwent myocardial revascularisation. This is in contrast to our series, most of whom presented with angina in addition to congestive failure and all of whom underwent coronary artery bypass grafting.
In theory, aneurysmectomy should reduce end diastolic and end systolic volumes equally, resulting in an increase in ejection fraction. Failure to achieve this could be due to insufficient resection of the aneurysm. The aneurysms in our patients were, however, resected to the transitional zone, leaving just a rim of fibrous scar tissue to support the sutures. An alternative suggestion is that destruction of the hypokinetic transitional zone by the sutures might render it akinCtic23; this also seems implausible because it was not our surgical practice. Most probably, the failure to demonstrate an improvement in overall ejection fraction in our patients was due to the insensitivity of radionuclide ventriculography in such dilated hearts. This is quite consistent with a useful improvement in cardiac output; for example, a 33% increase in stroke volume from 45 to 60 ml can be achieved with only a 5% increase in ejection fraction from 0-15 to 0-20 in a heart with an end diastolic volume of 300 ml. The improvement in regional contractility was largely accounted for by the resection of the paradoxically moving aneurysm (score -1) leaving instead an akinetic segment (score 0). Despite the improved wall motion score extensive areas of regional dysfunction remained and serious impairment of ventricular contraction persisted.
The improvement in exercise tolerance of those patients free of angina after operation was paralleled by an improvement in exercise ventricular function as we have reported previously.'8 The deterioration in global ejection fraction induced by exercise preoperatively was corrected, although the increase was less than that expected for a normal ventricle. The exercise induced abnormalities of regional contraction were abolished after operation indicating that coronary bypass grafting corrected the ischaemic response in the remaining viable myocardium. Again direct comparison with the only two previous reports of exercise left ventricular function after aneurysmectomy22 24 is difficult. Dymond's series22 has been discussed. Froehlich et al's series,24 like ours, contained mainly patients who had multivessel disease and presented with both angina and congestive cardiac failure. Unlike our patients, all of whom underwent aneurysmectomy, only 11 of 18 patients in their series underwent resection of the aneurysmal segment; in four it was plicated and in three no discrete aneurysm was found at operation, and so no direct surgery on the ventricle was undertaken. Postoperatively only 12 of 18 patients underwent exercise evaluation of ven-151 tricular function, nearly a third of whom continued to experience angina with significant electrocardiographic ST segment depression. This suggests that continuing ischaemia during exercise adversely affected left ventricular function. In our series all patients at six weeks and all but one at six months were free of angina and showed no electrocardiographic evidence of ischaemia during exercise. The single patient with angina at six months was analysed separately.
Of the patients who showed preoperative evidence of reversible ischaemia, the site was localised to the posterolateral wall of the left ventricle in all cases and the wall motion abnormality was abolished by coronary grafting. This emphasises the value of radionuclide ventriculography both in assessing the functional reserve of the remaining viable myocardium and in providing information about which vessel to graft. Furthermore posterolateral wall function should be examined because it has been shown to be an important determinant of mortality associated with resection of anteroapical aneurysm.32
Many early reports stress the poor long term prognosis of medically treated patients with ventricular aneurysm but a recent long term evaluation of a large group of patients with postinfarction ventricular aneurysm8 has shown no difference in mortality between patients with an aneurysm and those without, given an equal degree of left ventricular function. This in turn suggests that a left ventricular aneurysm has no independent influence on survival. Furthermore, the lack of improvement in resting ejection fraction after aneurysmectomy, as shown in our study, implies that operation is unlikely to improve prognosis in patients like ours.
We conclude that left ventricular aneurysmectomy performed in association with coronary artery bypass grafting confers no measurable improvement in overall resting ejection fraction as judged by radionuclide ventriculography. It is possible that global ejection fraction is not an appropriate measure of ventricular function in this group of patients and that more sensitive indices of wall motion abnormalities may show improvement, thus corroborating the clinical opinion that aneurysmectomy is of value. Dr Crossland died recently.
